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(54) ARTERY HARDNESS MEASURING INSTRUMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To easily measure the hardness of an artery from on a skin. 
SOLUTION: A hemodynamometer means 50 determines a blood pressure value BP based on the 
pressure of the artery of a living body by a cuff 1 0, a pulse pressure determining means 54 
determines a pulse pressure PM from the value BP measured by the means 50 and an artery 
hardness index determining means 56 determines a ratio of the pulse pressure PM determined by 
the means 54 and an average blood pressure value BPMEAN measured by the means 50 as an 
artery hardness index la. Thus, the hardness of the artery can easily be measured from on the 
skin. 
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[0010] 

[Description of the Preferred Embodiment] 

Detailed description will be given of one example of tlie 
invention below wi tli reference to the accompanying drawing . Fig . 
1 is a block diagram describing a configuration of an artery 
hardness measuring apparatus to which the invention is applied. 

[0011] In Fig. 1, a cuff 10 is wound around, for example, 
the upper arm section 12 of a patient, the cuff 10 having a rubber 
bag in a band- like bag made of a cloth. Connected to the cuff 
10 are a pressure sensor 14, an air release control valve 16 
and an air pump 18 through a pipeline 20 . The air release control 
valve 16 is constructed so as to switch between three states 
including an pressure supply state allowing pressure supply into 
the cuff 10, a slow air release state reducing a pressure in 
the cuff 10 gradually and a fast air release state reducing a 
pressure in the cuff 10 rapidly. If a pressure is supplied into 
the cuff 10 with the air release control valve 16, the cuff 10 
thereby pressurizes a brachial artery not shown in the upper 
arm section 12; therefore, the cuff 10 in the example works as 
a pressurization device. 

[0012] The pressure sensor 14 detects a pressure in the 
cuff 10 to supply a pressure signal SP indicating the pressure 
to a static pressure discriminating circuit 22 and a pulse wave 
discriminating circuit 24 . The static pressure discriminating 
circuit 22 is equipped with a low pass filter to discriminate 
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a cuff pressure signal SK indicating a stationary pressure 
included in the pressure signal SP, that is a cuff pressure Pc 
from the other components and to supply the cuff pressure signal 
SK to an electronic control device 28 by way of an A/D converter 
26. 

[0013] The pulse wave discriminating circuit 24 is 
equipped with a band pass filter and discriminates a pulse wave 
signal SM, which is an oscillating component of the pressure 
signal SP, in terms of frequency to thereby supply the pulse 
wave signal SM to the electronic control device 28 through an 
A/D converter 29 . Since a cuff pulse wave indicated by the pulse 
wave signal SM is a pressure oscillation wave generated from 
a brachial artery not shown in synchronism with a hart beat of 
a patient and transmitted to the cuff 10, that is a pressure 
pulse wave, the pressure sensor 14 and the pule wave 
discriminating circuit 24 work as a pressure pulse wave detecting 
device . 

[0014] The electronic control device 28 is constituted 
of a so-called microcomputer including: CPU 30; ROM 32; RAM 34; 
and an I/O port not shown, wherein CPU 30 executes a signal 
processing while using a storage function of RAM 34 based on 
a program stored in advance in ROM 32 , not only to thereby output 
a driving signal from the I/O port and control the air release 
valve 16 and the air pump 18 but also to control display contents 
on a display unit 36. 
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[0015] A start cycle setting unit 38 is operated for 
setting a blood pressure measurement start cycle Tb starting 
measurement of a blood pressure with the cuff 10 . A start switch 
40 supplies a signal commanding the manual start for measurement 
of a blood pressure with the cuff 10 to the electronic control 
device 28. 

[0016] Fig. 2 is a functional block diagram describing 
a main part of a control ability of the electronic control device 
28 in the artery hardness measuring apparatus. In Fig. 2, a 
blood pressure measuring means 50 working as blood pressure value 
determining means determines the maximum blood pressure value 
BPsYs# the average blood pressure value BPmean and the minimum 
blood pressure BPdia using an well known oscillometric method 
based on a change in amplitude of a pulse wave shown by the pulse 
wave signal SM sequentially picked up in a slow pressure reducing 
period in which the pressurizing pressure in the cuff 10 wound 
around, for example, an upper arm of a living body is gradually 
reduced at a reducing speed of the order of 3 mm Hg/sec after 
the pressurizing pressure of the cuff 10 is rapidly raised to 
a predetermined target pressure value PcM (for example, a pressure 
value of the order of 180 mm Hg) with cuff pressure control means 
52 and presents the determined maximum blood pressure value BPsys* 
the determined average blood pressure value BPmean and the 
determined minimum blood pressure BPdia on the display unit 36. 

[0017] A pulse wave determining means 54 determines a 
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pulse pressure PM from the blood pressure values BP determined 
by the bloodpressure determining means 50 . That is, adif f erence 
between the maximum blood pressure value BPsys and the minimum 
blood pressure BPdia determined by the blood pressure measuring 
means 50 is calculated. Since the pulse pressure PM is based 
on a pressure pulse wave generated from a brachial artery not 
shown and transmitted to the cuff 10, the pulse pressure PM mainly 
shows a pulse pressure of the brachial artery not shown. 

[0018] An artery hardness index determining means 56 
determines an artery hardness index la serving as a sign of a 
hardness of an artery of a living body based on a ratio between 
a pulse pressure PM determined by the pulse pressure determining 
means 54 and a blood pressure value BP measured by the blood 
pressure measuring means 50. A ratio of a pulse pressure PM 
determined by the pulse pressure determining means 54 to a blood 
pressure value BP (one of the maximum blood pressure value BPsys# 
the average blood pressure value BPmean and the minimum blood 
pressure BPdia) determined by the blood pressure measuring means 
50 is calculated as an artery hardness index la as is. As shown 
in Fig. 3, a cuff pule wave is a synthetic wave obtained by 
synthesizing a first pulse wave, which is a progressive wave, 
and a second pulse wave, which is a reflected wave. Since a 
blood vessel is harder, a blood pressure adjusting ability due 
to elasticity of the blood vessel is disabled, the second pulse 
wave (reflected wave) increases, so that a blood pressure rises . 
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Since the rise in blood pressure has a more influence in a systolic 
time interval in which a blood feed rate from a heart increases 
and a less influence in a diastolic time interval , a harder blood 
vessel increases a pulse pressure. Hence, the artery hardness 
index la determined by the artery hardness index determining 
means 56 is, as shown in Fig. 6, larger when an artery is harder 
even if a blood pressure value BP is the same. That is, in a 
case where an artery is harder because of arterial sclerosis, 
or in a case where vasoconstriction occurs by the action of the 
autonomous nerve or a medicine, an artery hardness index la is 
larger . 

[0019] Artery hardness index display means 58 presents 
an artery hardness index la determined by the artery hardness 
index determining means 56 on the display 3 6 on which a blood 
pressure value BP measured by the blood pressure measuring means 
50 is presented. Start means 60 starts measurement of a blood 
pressure by the blood pressure measuring means 50 in response 
to a signal supplied from the start switch 4 0 in each blood pressure 
measuring cycle Tb set by the start cycle setting unit 38. 

[0020] Fig. 4 is a flowchart describing a main part of 
control operations in the electronic control device 28 of the 
artery hardness measuring apparatus. In Fig. 4, in SI 
(hereinafter, the word "step" to be placed before a step number 
is omitted) , the contents of a timer t is at first cleared. 

[0021] Then, S2 and S3 corresponding to the start means 
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60 are executed. In S2, it is determined whether or not a signal 
commanding the start of blood pressure measurement has been 
inputted manually, that is it is determined whether or not the 
start switch 40 has been pushed down. If a determination in 

52 is negated, it is determined in S3 subsequent thereto whether 
or not the contents of the timer t has exceeded a blood pressure 
measurement start cycle Tb set by the start cycle setting device 
38. If a determination in S3 is negated, the steps subsequent 
to the S2 are repeatedly executed to thereby push down the start 
switch 40 or leave the start switch 40 not to be pushed down 
till the contents of the timer t passes a blood pressure 
measurement starting cycle Tb. 

[0022] If a determination in S2 or a determination in 

53 is affirmed, S4 and S5 corresponding to cuff pressure control 
means 52 is executed. That is, in S4, the air release control 
valve 16 is switched over to the pressure supply state and the 
air pump 18 is driven, a pressure in the cuff 10 is raised to 
a target pressurizing pressure Pcm (for example, a pressure of 
the order of 180 mmHg) and thereafter, the air pump 18 is ceased 
out of operation. In S5 subsequent thereto, the air release 
control valve 16 is switched over to the slow air release state 
to thereby reduce a pressure in the cuff 10 at a slow reducing 
speed of the order of 3 mm Hg/min. 

[0023] In succession, S6 to S9 corresponding to the blood 
pressure measuring means 50 are executed. S6 is first executed 
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to thereby read a pulse wave signal SM and to determine whether 
or not one pulse of a pulse wave has been detected. If a 
determination is negated, the S6 is repeatedly executed, while 
if being affirmed, a blood pressure value determining routine 
in S7 is executed. In the blood pressure determining routine, 
the maximum blood pressure value BPsys . the minimum blood pressure 
BPdia and the average blood pressure value BPmban are determined 
according to a blood pressure value determining algorithm of 
a well known osci Home trie method based on a change in amplitude 
of a pulse wave sequentially detected in a slow air release course 
of a cuff pressure Pc . In S8 subsequent thereto, it is determined 
whether or not measurement of a blood pressure has been completed 
and if it is determined that the measurement has not been completed, 
the steps from 86 to S8 are repeatedly executed. 

[0024] In a case where the measurement of a blood pressure 
has been completed and a determination in the SB is affirmed, 
S9 is executed not only to thereby store the maximumbloodpressure 
value BPsYs * the average blood pressure value BPmean are the minimum 
blood pressure value BPdia determined in the S7 into a 
predetermined storage region in RAM 34, but also to present the 
pressure values BP on the display unit 36 . In SIO in succession, 
the air release control valve 16 is switched over to the fast 
air release state to release a pressure in the cuff 10. 

[0025] In Sll corresponding to the pulse pressure 
determining means 54 subsequent thereto, a difference between 
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the maximum blood pressure value BPsys and the minimum blood 
pressure value BPdia measured in the S7, that is a pulse pressure 
PM is calculated. In S12 corresponding to the artery hardness 
index determining means 56 in succession thereto, the pulse 
pressure PM calculated in the Sll is divided by the average blood 
pressure value BPmean determined in S7 to thereby calculate an 
artery hardness index la and in S13 corresponding to the artery 
hardness index display means 58 in succession, the artery 
hardness index la calculated in the S12 is presented on the display 
unit 36 on which the blood pressure value BP has been presented 
in the S9 . If in S13, an artery hardness index la together with 
a blood pressure value BP is cyclically, that is consecutively, 
presented on the display unit 36, it can be determined, in a 
case where a blood pressure value BP is an abnormal value , whether 
or not a cause for the abnormality is on the blood vessel side, 
which can be used as a therapy guideline. 

[0026] As described above, according to the example, a 
blood pressure value BP is determined based on pressurization 
to an artery in a living body by the cuff 10 with the action 
of the blood pressure measuring means 50 (S6 to S9) , a pulse 
pressure PM is determined from the blood pressure value BP 
measured by the blood pressure measuring means 50 (S6 to S9) 
in the pulse pressure determining means 54 (Sll) , and a ratio 
of the pulse pressure PM determined by the pulse pressure 
determining means 54 (Sll) to the average blood pressure value 
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BPmean measured by the blood pressure determining means 50 (S6 
to S9) is determined as an artery hardness index; therefore, 
an artery hardness can be measured on a skin with ease. 

[0027] According to the example, the cuff 10 wound around 
an upper arm section 12 and pressurizing the upper arm section 
works as a pressurizing device, the blood pressure measuring 
means 50 (S6 to S9) raises a pressurizing pressure by the cuff 
10 up to a predetermined target pressurizing pressure Pcm and 
thereafter, reduces the pressurizing pressure at a predetermined 
reducing speed to thereby determine a blood pressure value BP; 
therefore, not only is a construction of the pressurizing device 
simpler, but ari advantage is also obtained that an artery hardness 
index la is determined based on a blood pressure value BP high 
in reliability using the cuff 10. 

[0028] According to the example, the blood pressure 
determining means 50 {S6 to S9) is started in each blood pressure 
measurement start cycle Tb set in advance by the start means 
60 (S2 and S3); therefore, an artery hardness index la is 
determined in the artery hardness index determining means 56 
(S12) in each blood pressure measurement start cycle Tb, leading 
to an advantage that an artery hardness index la can be obtained 
cyclically . 

[0029] While detailed description has been given of the 
example of the invention with reference to the accompanying 
drawing, the invention may also be applied in other embodiments . 
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[0030] While, for example, the blood pressure measuring 
means 50 (S6 to S9) in the example is constructed so as to measure 
a blood pressure value BP by means of the so-called oscillometric 
method, a construction may be adopted without a problem in which 
a blood pressure BP is measured by a so-called K sound method 
in which the blood pressure value BP is measured based on cuff 
pressures when Korotkof f sounds arise and Korotkoff sounds ceases 
extinct - 

[0031] While in the example, the cuff 10 wound around 
an upper arm section 12 works as a pressurizing device, and the 
blood pressure measuring means 50 measures a blood pressure BP 
in a living body based on a cuff pulse wave detected in the course 
of a change in a pressurizing pressure of the cuff 10, a pressure 
pulse wave detecting device pressurizing a radial artery or a 
dorsalis pedis artery at a predetermined pressure are mounted 
to a wrist or a foot in order to detect a pressure pulse wave 
in the radial artery or thedorsalis pedis artery as apressurizing 
device and the blood pressure value determining means may be 
means sequentially determining the maximum blood pressure value 
and the minimum blood pressure value of a living body based on 
a pressure pulse wave sequentially detected by the pressure pulse 
wave detecting device. 

[0032] While in the artery hardness index determining 
means 56 (S12) in the example, a ratio of a pulse pressure PM 
to a blood pressure value BP (PM/BP) is used as an artery hardness 
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index la as is, an artery hardness index la may be determined 
from the ratio (PM/BP) based on a relationship (an equation or 
a graph) obtained in advance between a ratio (PM/BP) and an artery 
hardness index In. Fig. 5 is a graph showing an example of the 
relationship obtained in advance, in which there is shown a 
relationship between a ratio (PM/ BPmean) of a pulse pressure 
PM to an average blood pressure BPmean and an artery hardness 
index In- An artery hardness index In may be calculated from 
a ratio of a blood pressure to a pulse pressure PM (BP/PM) or 
based on a relationship obtained in advance from the ratio 
(BP/PM) . 

[0033] While in the example, a construction is such that 
a blood pressure measurement star cycle Tb is set by the start 
cycle setting unit 38, a blood pressure measurement start cycle 
Tb may be predetermined at a constant value. 

[0034] Note that the invention can be altered or modified 
in various ways without departing the scope and spirit thereof. 
[Brief Description of the Drawing] 

Fig. 1 is a bloclc diagram describing a configuration of 
an artery hardness measuring apparatus which is an example of 
the invention. 

Fig. 2 is a functional bloclc diagram describing a main 
part of a control ability of an electronic control device in 
the artery hardness measuring apparatus in the example of Fig. 
1 . 
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Fig. 3 is a graph describing a cuff pulse wave transmitted 
to a cuff of the example of Fig, 1. 

Fig. 4 is a flowchart describing a main part of control 
operations in the electronic control device in the example of 
Fig. 1. 

Fig. 5 is a graph showing an example of a relationship 
between a ratio (PM/BPmean) and an artery hardness index la- 

Fig. 6 is a graph describing that a relationship between 
an average blood pressure value and a pulse pressure is changed 
by an artery hardness index la- 
[Legend] 

10: cuff (pressurizing device) 

50: blood pressure measuring means (blood pressure value 
determining means) 

54: pulse pressure determining means 

56: artery hardness index determining means 

60: start means 
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[Fig. 1] 
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[Fig. 2] 
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[Fig. 31 
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[Fig. 4] 
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